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C BY-NC-Abstract It has been reported that trans-cinnamaldehyde, eugenol and safrole inhibited bacteria
and fungi growth in vivo mode. In order to improve their biological activity, dimeric cinnamalde-
hyde, eugenol and safrole have been photosynthesized. The photosynthesis compounds were 4,
6-diphenyl-1,2-dioxane-3,5-dicarboxaldehyde, 4,4-(cyclobutone-1,3-diyl bis(methylene))bis(2-
methoxyphenal), and 3,6-bis(benzo[d][1,3]dioxol-5-ylmethyl)-1,2-dioxane. These new dimeric
compounds strongly inhibited Candida albicans growth more than the monomers.
ª 2011 King Saud University. Production and hosting by Elsevier B.V.1. Introduction
Propenylbenzenes are aromatic compounds with various
substitutions (Fig. 1). These compounds were classiﬁed as
1-propenyl benzenes and 2-propenylbenzene based on the site
of C‚C double bond on the side chain (Xu et al., 2007).
They are physically extracted from essential plant oils
(Shimoni et al., 2003; Elgendy and Khayyat, 2008), they are
components of ﬂavors, and are used in the food industry.
These compounds are of interest because of their anti-
inﬂammatory and chemopreventive properties as a result of990781.
m
y. Production and hosting by
Saud University.
lsevier
ND license.their antioxidant activity (Middleton and Kandaswami, 1994;
Aqqawal et al., 2003).
The term ‘antioxidant’ has been used in a wide sense to mean
mechanisms preventing the formation of reactive oxygen species
(ROS), or in a narrow sense to mean mechanisms eliminating
previously formed ROS by a chain-breaking action (Bergendi
et al., 1999). These compounds are prototypic chain-breaking
antioxidants, their chain-breaking action occurs during the oxi-
dation of polyunsaturated fatty acids in biological systems.
Dimerization plays a crucial role in their biological activities
in vivo (Fujisawa et al., 2005).2. Materials and methods
IR spectra were performed on a Perkin-Elmer 16 FPC FT-IR
spectrophotometer as thin ﬁlms. 1H NMR and 13C NMR spec-
tra were obtained in CDCl3 solution with a Brucker AVANCE
D.P.X. 600 MHz apparatus. GC–MS were determined by Joel
JMS 600H, GC Hewlett Packerd, HP 6890 Series, with a capil-
lary column (30 m · 0.32 nm · 0.25 lm) HP-5 cross linked 5%
dimethyl polysiloxane. A sodium lamp (Phillips G/5812 SON)
was used for photo-irradiation reactions. Thin layer chromatog-
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Figure 1 Chemical structures of some typical propenylbenzene
(a) 1-propenyl benzene = cinnamaldehyde, (b) 2-propenylbenz-
enes = eugenol, safrole.
62 S.A. Khayyatraphy (TLC) and preparative layer chromatography (PLC):
Polygram SIL G/W 254, Mecherey–Nagel and arotatory evap-
orator (at 20 C/15 torr) were used to remove the solvents.
2.1. Photodimerization of trans-cinnamaldehyde (1), eugenol
(2) and safrole (3)
A solution of 0.01 mol. of compound 1, 2 or 3 in chloroform
was irradiated at room temperature using a sodium lamp, in
open air (Yaylı et al., 2005). The solvent was removed under
reduced pressure (15 mm) at 20 C and the residue was placed
on a preparative layer on silica gel using petroleum ether (bp
60–80) ethylacetate (9:1) as an eluent.
2.2. 4,6-Diphenyl-1,2-dioxane-3,5-dicarbaldehyde (4)
Yellow needle crystals, C18H15O4 (M 295). IR spectrum, t cm
1:
3072, 2937, 1720, 1608, 1513, 1150. 1HNMR spectrum, d, ppm:
3.48 (dd, 1H, J= 8 Hz, H-5), 4.00 (dd, 1H, J= 8, 16 Hz, H-4),
4.19 (comp. pat., 1H, H-3), 4.27 (d, 1H, J= 8 Hz, H-6), 7.37–
7.41 (comp. pat., 10H, aromatic protons), 9.67 (d, 1H,
J = 8 Hz, CHO). 13C NMR spectrum, d ppm: 20.69 (C4),
60.43 (C5), 65.33 (C6), 94.96 (C3), 126.37 (C4
n
; 4nn), 128.37
(C2n;2nn;6n;6nn), 128.99 (C3n;3nn;5n;5nn), 140 (C1n;1nn), 194.0 (CHO).
GC–MS; m/z (Irel %): 296 [M
+] (C18H15O4, 1%), [M
+/2]
148 (C9H8O2, 70%), 147 (C9H7O, 100%), 132 (C9H8O,
25%), 131 (C9HO, 20%), 103 (C8H7, 45%), 77 (C6H5, 30%).
2.3. 4-4n (Cyclobutane-1,3-diyl bis (methylene) bis-(2-
methoxyphenol) (5)
Pale yellow oil, C20H24O4 (M 328). IR spectrum, t cm
1: 3516,
1725, 1637, 1608, 1512. 1H NMR spectrum, d, ppm: 1.24 (dd,
1H, H-2), 1.3 (s, 3H, CH3), 1.45 (d, 1H, H-2), 1.7 (comp. pat,1H,H-2), 2.05 (br. s, 1H, H-1), 2.1 (br. s, 2H, CH2), 2.11 (dd,
2H, H-2), 2.37 (comp. Pat., 1H, H-1), 2.6 (d, 2H, CH2), 3.9 (S,
3H, CH3), 6.7-6.9 (comp. pat., 3H, aromatic protons), 10.0 (S,
1H, OH). 13C NMR spectrum, d ppm: 34.69 (C1,3), 56 (CH3),
113 (C2n), 116 (C5n), 121 (C6), 132 (C1n), 144 (C4n), 147 (C3n).
GC–MS; m/z (Irel %): 324 [M
+] (C20H24O4, 5%), 327 [M
+-
1] C20H23O4, 20%), 326 [M
+-2] C20H22O4, 100%), 313 (M
+-
CH3, 1%) 205 (M
+-Ar (OH) (OCH3), C13H18O2, 1%), 191
(C12H16O2, 1%), 164 M
+/2 (C10H12O2, 1%), 137 (C8H9O2,
5%), 123 (C7H7O2, 2%).
2.4. 3,6-Bis(benzo[d][1,3]dioxol-5-ylmethyl)-1,2 dioxane (6)
Pale yellow oil, C20H20O6 (M 345). IR spectrum, t cm
1: 2919,
1607, 1498, 1037. 1H NMR spectrum, d, ppm: 1.3 (comp. pat,
1H, H-4), 1.4 (comp. pat, 1H, H-4), 2.7 (comp. pat, 2H, CH2),
3.7 (comp. pat, 1H, H-3), 6.1 (S, 2H, O–CH2–O), 6.7–6.8
(comp. pat., 3H, aromatic protons). 13C NMR spectrum, d
ppm: 29 (C4), 101 (O–CH2–O), 108.3 (C
3n), 115.3 (C2n), 115.7
(C6n), 132.9 (C1n), 142 (C4n), 143.6 (C5n). GC–MS; m/z
(Irel %): 324 [M
+/2] 178 (C20H20O6/2‚C10H10O3, 55%), 162
[M+/2-O] C10H10O2, 5%), 147 C9H7O2, 25%), 135 (C8H7O2,
100%), 122 (C7H6O2, 10%).3. Results and discussion
Dimerization of propenylbenzenes can reduce their prooxidant
activity, and the biological activities of these compounds
maybe enhanced by increasing their antioxidant activity. Thus,
it has photosynthesized dimers from the corresponding mono-
mers: 4,6-diphenyl-1,2-dioxane-3,5-dicarboxaldehyde (4) from
cinnamaldelyde (1), 4-4n (cyclobutane-1,3-diyl bis(methy
lene)bis-(2-methoxyphenol) (5) from eugenol, (2) and 3,6-
bis(benzo[d][1,3]dioxol-5-ylmethyl)-1,2-dioxane (6) from saf
role. (3) and investigated their biological activity as antimicro-
bial agents in comparison with those of the original monomer
compounds. Here we show the results of our experiments and
discuss their mechanisms.
Trans-cinnamaldelyde (3-phenyl-2-propanal) (1) is an aro-
matic aldehyde which was isolated from essential oil of cinna-
mon (Cinnamnum verum) in our previous work (Elgendy and
Khayyat, in press).
Trans-cinnamaldehyde (1) was subjected to photodimerza-
tion in chloroform solution at room temperature in the
presence of sodium lamp (UV – a light) to give (73%) of
4,6-diphenyl-1,2-dioxane-3,5-dicarboxaldehyde (4) as a stereo
speciﬁc product – the chemical structure of 4 was conﬁrmed
by spectral measurements. The 1H NMR spectrum of 4
showed two double doublet signals at d 3.84 and 4 ppm from
5-H and 4-H, respectively, complex pattern at d 4.27 ppm from
6-H and doublet at s 9.67 ppm from aldehyde protons. The 13C
NMR spectrum of 4 signals from the dioxane ring were present
at dc 20.69, 60.43, 65.33 and 94.96 ppm from C
4, C5, C6 and
C3, respectively. The aldehyde carbonyl carbon atoms reso-
nated at dc 194 ppm. The molecular ion peak of 4 had an
m/z value of 296.
A probable mechanism for the formation of cinnamalde-
hyde dimer 4 in the photodimerization reaction of trans-cinna-
maldehyde (1) is shown in Scheme 1. Attack by a singlet
oxygen on the side-chain double bond for two molecules of 1
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(Gilchrist and Storr, 1979; Heller et al., 2002).
On the other hand, eugenol (4-allyl-2-methoxyphenol (2) is
the major component of the essential oil extracted from
Engenia caryophyllns (myrtaceae) in our previous work
(Elgendy and Khayyat, 2008).
Photodimerization reaction of eugenol (2) was carried out
in the same condition as in cinnameldhyde to obtain 62% of
4,4n – (cyclobutane-1,3-diyl bis (methylene)) bis (2-methoxy-
phenol) (5).
The structure of photodimerization product 5 was estab-
lished by spectral measurement.
The 1H NMR spectrum of 5 contained three complex
pattern signals at dH 1.7, 2.1 and 2.37 ppm from 2 protons
at position 2 and H-1, respectively, a doublet (2H-2) at d
2.6 ppm from methylene protons. In the 13C NMR spectrum
of 5, signals at dc 34, 35, and 40 ppm were assigned to C
1,
C2, and CH2, respectively. The molecular ion of 5 had an m/5
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Figure 2 Effect of cinnamaldehyde (c), dimer of cinnamaldehyde (d), eugenol (e) dimer of eugenol (f), safrole (g) dimer of safrole (h) on
the radial growth of C. albicans grown on the solid media, (a) media and (b) control.
Table 1 Photosynthesis of dimeric cinnamaldehyde (1), euge-
nol (2) and safrole (3).
Monomer no. Solvent Reaction time (h) Dimer yield (%)
1 CHCl3 80 4 (73%)
2 CHCl3 83 5 (62%)
3 CHCl3 86 6 (55%)
64 S.A. Khayyatz value of 328. A probable mechanism for the formation of
eugenol dimer 5 in the photodimerization reaction of eugenol
(2) is shown in Scheme 2. When compound 2 was exposed to
UV light (400wNa lamp) it converted to a dimer with cyclobu-
tane ring through the [2+2] cyclo addition reaction (Wood
Ward and Hoffmann, 1970).
Safrole (5-allybenzo[d](1,3) dioxole) (3) is the major
component of the essential oil extracted from sassafras (Piper
hispidinervum) (piperaceae) in our previous work (Khayyat,
2011). Safrole 3 was subjected to photodimerization reaction
in the same condition as above to give 55% of 3,6-bis-
(benzo[d][1,3]dioxol-5-ylmethyl)-1,2-dioxane (6). The chemical
structure of 6 was conﬁrmed by spectral measurement. The 1H
NMR spectrum of 6 showed four complex pattern signals at dH
1.3, 1.4, 2.7, and 3.7 ppm from the protons 2H at the position 4,
methylene protons, 1H at position 3, respectively. The 13C
NMR spectrum of 6 that showed signals at dc 29 and 81 ppm
were assigned to C4 and C3, respectively.
The mechanism of formation of safrole dimer 6 may be
illustrated by Scheme 3, according to which photodimerization
reaction in the presence of the singlet oxygen forms a dimer with
dioxane ring through [2+2+2] the cycloaddition reaction.
Candida albicans, one of the ﬁrst eukaryotic pathogens se-
lected for genome sequencing, is the most commonly encoun-
tered human fungal pathogen, causing skin and mucosal
infections in generally healthy individuals and life-threatening
infections in persons with severely compromised immune func-
tion (Jones et al., 2004).
The growth in the number of people suffering from a yeast
infection and particularly a C. albicans infection is increasing.
C. albicans is the most common form of candida yeast. It lives
naturally in the Gastrointestinal (GI) tract, and the warm,
moist parts of our body, including the vagina, the oral cavity
and where there are folds in the skin.
It is known that some dimers have more biological activity
than monomers. Therefore, a comparative test (Saddiq andKhayyat, 2010) was taken of the natural propenylbenzene, 1,
2, and 3 with their dimers 4, 5, and 6, respectively. The results
(see Fig. 2) clearly indicated that dimers 4, 5, and 6 strongly
inhibited C. albicans growth more than the monomers. This
result promoted us to believe that compounds are beneﬁcial
to human health, and have the potential to be used for medical
purposes (Table 1).Acknowledgments
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